ABSTRACT
INTRODUCTION
The graphs considered here will be finite, undirected and simple. The symbols V(G) and E(G) will denote the vertex set and edge set of a graph G respectively. p and q denote the number of vertices and edges of G respectively.
A graph G of size q is odd-graceful, if there is an injection φ from V(G) to {0, 1, 2, …, 2q-1} such that, when each edge xy is assigned the label or weight |φ (x) -φ (y)|, the resulting edge labels are {1, 3, 5, …, 2q-1}. This definition was introduced in 1991 by Gnanajothi [1] who proved that the class of odd graceful graphs lies between the class of graphs with α-labelings and the class of bipartite graphs. We denote the crown graphs ( the graphs obtained by joining a single pendant edge to each vertex of C n ) by 1 n C K , therefore the crown graphs (the graphs obtained by joining m-pendant edges to each vertex of C n ) by 1 n C mK . Gnanajothi [1] proved that 1 n C K is odd graceful if n is even. Badr et al [2] proved that 1 n C mK is odd graceful if n is even.
A n kC snake − is a connected graph with k blocks, each of the blocks is isomorphic to the cycle C n , such that the block-cut-vertex graph is a path. Following [3] , by a block-cut-vertex graph of a graph G we mean the graph whose vertices are the blocks and cut-vertices of G where two vertices are adjacent if and only if one vertex is a block and the other is a cut-vertex belonging to The block. We also call a n kC snake − as a cyclic snake. This graph was first introduced by Barrientos [4] , as generalization of the concept of triangular snake introduced by Rosa [5] . Let G be a n kC snake − with k ≥ 2. Let u 1 , u 2 , . . ., u k-1 be the consecutive cut-vertices of G. Let Badr and Mousa [6] proved that kC 4 -snake, linear kC n -snake , even kC 8 -snake and even kC 12 -snakes are odd graceful.
We denote the crown snakes ( the graphs obtained by joining m-pendant edges to each vertex of kC n -snake ) by 1 n kC snake mK − e .
Definition 1.2
The kC n -snake is called linear, if the block-cut-vertex graph of kC n -snake has the property that the distance between any two consecutive cut-vertices is
In this work we present four new families of odd graceful graphs. In particular we show that an odd graceful labeling of the linear 4 1 kC snake mK − e and therefore we introduce the odd graceful labeling of 4 kC snake mK − e has p = (3k+1)(m+1) vertices and q = 4k+m(3k+1) edges.
Let us consider the following numbering φ of the vertices of the graph G :
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(b) Clearly φ is a one -to -one mapping from the vertex set of G to {0, 1, 2, …, 2q-1}. The range of | ( ) ( ) | {2 4 ( 1) 2 ( 2) 1:
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Step 1 .
kC snake − is a bipartite graph so it has one partite set has black vertices and the other has white vertices as shown in Figure 4 .
Put black vertices in a string, ordered by diagonals from left to right and inside each diagonal from bottom to top, assign to them from an arithmetic progression of difference 2, which first term is zero, counting until the last black vertex has been numbered. Similarly, put the white vertices on a string, ordered for diagonals from left to right and inside each diagonal from top to bottom. Starting with the first diagonal assign numbers from an arithmetic progression of difference 4, which first term is 2q-1 where q is the size of G, while to move to another diagonal we use an arithmetic progression of difference 2 but the arithmetic progression of difference 4 is used inside each diagonal, continuing until the last white vertex has been numbered.
Step 2 . In this step, we are labeling the vertices of m-pendant edges which contact with black diagonals, from left to right and inside each black diagonal from bottom to top, assign to them from an arithmetic progression of difference 2, which first term is one, when to move to a new vertex of the block diagonal, the first vertex of m-pendant edges is labeled by an arithmetic progression of difference 4, but the arithmetic progression of difference 2 has been used with the remain ( m-1 ) vertices of m-pendant edges. We move from a vertex to another of the black diagonals until the last black vertex.
Step 3 . Finally, we are labeling the vertices of m-pendant edges which contact with the white diagonals, from right to left an inside each white diagonal from bottom to top, assign to them from an arithmetic progression of difference 2, which first term is z such that z = y + 2 where y is the last vertex labeling of the black diagonals, when to move to a new vertex of the white diagonal, the first vertex of m-pendant edges is labeled by an arithmetic progression of difference 6, but the arithmetic progression of difference 2 has been used with the remain ( m-1 ) vertices of mpendant edges. When to move to another diagonal we use an arithmetic progression of difference 4 but the arithmetic progression of difference 2 has been used with the remain ( m-1 ) vertices of m-pendant edges. We move from a vertex to another of the white diagonals until the last white vertex. We have the complete proof of the Theorem by running the above steps. ■ Proof : We prove that the subdivision of graph S ( kC 3 -snake ) ( obtained by subdividing every edge of kC 3 -snake exactly once ) is odd graceful. Let us consider the following numbering φ of the vertices of G. 
